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Air conditioning and refrigeration apparatus utilizing a cryogen.

Methods and apparatus for controlling a con-

ditioned space (14) to a predetermined set point A

temperature (58), utilizing a supply (16) of $>§j -

cryogen. Cryogen is drawn from the supply in a - N

flow path (42;202) to provide a cooling mode s |

via a heat exchanger (46 ;156) disposed in the B l ﬁ S}h

flow path. A vapor motor (78) in the flow path,
downstream from the heat exchanger, drives a
fan (76) which moves air between the con-
ditioned space and the heat exchanger. Heat
(90) is applied to the cryogen downstream from
the heat exchanger, after all cooling modes
have been performed, to provide the desired fan
horsepower, without interfering with a coadling
cycle. A by-pass flow path (124,186) selectively
directs cryogen directly to the vapor motor,
by-passing the heat exchanger, to provide air
circulation in the conditioned space when the
temperature of the conditioned space is satis-
fied.
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TECHNICAL FIELD

The invention relates in general to air condition-
ing and refrigeration systems, and more specifically
to the use of a cryogen for controlling the temperature
of a conditioned space associated with stationary
and transport applications of air conditioning and re-
frigeration systems.

BACKGROUND ART

Stationary and transport applications of air con-
ditioning and refrigeration systems, with transport
applications including those used on straight trucks,
tractor-trailer combinations, refrigerated containers,
and the like, conventionally utilize a chlorofluorocar-
bon (CFC) refrigerant in a mechanical refrigeration
cycle. The mechanical refrigeration cycle requires a
refrigerant compressor driven by a prime mover,
which often includes an internal combustion engine,
such as a diesel engine. Because of the suspected
depleting effect of CFC’s on stratospheric ozone (O3),
practical alternatives to the use of CFC’s in air con-
ditioning and refrigeration systems are being sought.

The use of a cryogen, ie., a gas which has been
compressed to a very cold liquid state, such as car-
bon dioxide (CO,) and nitrogen (N,), in air condition-
ing and refrigeration systems is particularly attrac-
tive because, in addition to eliminating the need for
a CFC, it also eliminates the need for a compressor
and associated prime mover.

Thus, it would be desirable, and it is an object of
the present invention, to provide reliable, practical
methods and apparatus which utilize a cryogen in air
conditioning and refrigeration systems.

SUMMARY OF THE INVENTION

The invention includes methods and apparatus
for conditioning the air of a conditioned space to a
predetermined set point temperature, using a cryo-
gen, such as liquid Nitrogen (N,) or liquid carbon di-
oxide (CO,).

The methods of the invention control the temper-
ature of a conditioned space to a predetermined tem-
perature band adjacent to a selected set point tem-
perature via the steps of providing a supply of cryo-
gen, providing a flow path for the cryogen, providing
heat exchanger means in the flow path, providing
cryogen driven air mover means in the flow path,
moving air from the conditioned space in heat ex-
change relation with the heat exchanger means via
the air mover means to provide a cooling cycle, and
locating the air mover means in the flow path down-
stream from the heat exchanger means, such that
the air mover means is located in the flow path after
any and all cooling related operating modes have
been completed.

10

15

20

25

30

35

40

45

50

55

The apparatus of the invention includes a refrig-
eration system for conditioning the air of a condi-
tioned space to a predetermined temperature band
adjacent to a selected set point temperature via a
cooling mode, including a supply of cryogen, heat ex-
changer means, a flow path directing cryogen from
the supply through the heat exchanger means, vapor
driven motor means, and fan means driven by the va-
por driven motor means which moves air from the
conditioned space in heat exchange relation with the
heat exchanger means. The air mover means is dis-
posed in the flow path downstream from the heat ex-
changer means, such that the air mover means is lo-
cated in the flow path after any and all cooling related
operating modes have been completed.

In preferred embodiments of the invention, the
methods and apparatus include heating the cryogen
in the flow path, downstream from the heat exchang-
er means, to provide additional energy for operating
the air mover means without deleteriously affecting a
concomitant cooling cycle. In another aspectofthe in-
vention, the flow path is altered during a null period
when the conditioned space is satisfied, to direct
cryogen directly from the supply of cryogen to the air
mover means, by-passing the heat exchanger
means, to provide air circulation in the conditioned
space during a null period. In still another aspect of
the invention, liquid cryogen is drawn from the supply
to provide a cooling cycle in the conditioned space,
and the liquid flow path is simultaneously tapped and
heated to provide an independent supply of heated
cryogen for operating the air mover means, notwith-
standing that the air of the conditioned space may be
being cooled in a cooling cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will become more apparent by
reading the following detailed description in conjunc-
tion with the drawings, which are shown by way of ex-
ample only, wherein:

Figure 1 is a diagrammatic representation of are-
frigeration system constructed according to the
teachings of the invention wherein liquid cryogen
from a cryogen supply provides independent fan
operating modes, enabling a fan or blower to op-
erate at a desired fan horsepower, regardless of
whether the associated conditioned spaceisina
heating cycle, a cooling cycle, or a null cycle;

Figure 2 is a diagrammatic representation of are-

frigeration system constructed according to an-

other embodiment of the invention which utilizes
liquid to provide independent fan control operat-
ing modes; and

Figure 3 is a diagrammatic representation of are-

frigeration system illustrating an embodiment of

the invention in which independent fan control
operating modes are provided by utilizing vapo-
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rized cryogen drawn from the supply of cryogen.

DESCRIPTION OF PREFERRED EMBODIMENTS

As used in the following description and claims,
the term "conditioned space" includes any space to
be temperature and/or humidity controlled, including
stationary and transport applications for the preser-
vation of foods and other perishables, maintenance of
a proper atmosphere for the shipment of industrial
products, space conditioning for human comfort, and
the like. The term "refrigeration system" is used to
generically cover both air conditioning systems for
human comfort, and refrigeration systems for preser-
vation of perishables and shipment of industrial prod-
ucts. Also, when it is stated that the temperature of a
conditioned space is controlled to a selected set point
temperature, it is to be understood that the tempera-
ture of the conditioned space is controlled to a pre-
determined temperature range adjacent to the select-
ed set point temperature. In the Figures, valves which
are normally open (n.0.), are illustrated with an empty
circle, and valves which are normally closed (n.c.) are
illustrated with an "X" within a circle. Of course, the
associated electrical or electronic control, hereinafter
called "electrical control", may be changed to reverse
the deenergized states shown. An arrow pointed at a
valve in the Figures indicates that the valve is, or may
be, controlled by the electrical control.

The invention is suitable for use when the refrig-
eration system is associated with a single condi-
tioned space to be controlled to a selected set point
temperature; and, the invention is also suitable for
use when the refrigeration system is associated with
a compartmentalized application in which a condi-
tioned space is divided into at least first and second
separate conditioned spaces to be individually con-
trolled to selected set point temperatures. In a com-
partmentalized application, for example, one condi-
tioned space may be used to condition a frozen load,
and the other a fresh load, or combinations thereof,
as desired.

Referring now to the drawings, and to Figure 1 in
particular, there is shown a refrigeration system 10
suitable for use with any conditioned space, station-
ary or transportable, with the invention particularly
well suited for use in transport applications which in-
clude vehicles such as straight trucks, tractor-trailer
combinations, containers, and the like, with the word
"vehicle" being used to generically refer to the various
transport vehicles which utilize refrigeration sys-
tems.

Refrigeration system 10 may be associated with
stationary and transport applications, with reference
number 12 generally indicating a vehicle in a trans-
portapplication, and an enclosure wall in a stationary
application. Refrigeration system 10 may be associ-
ated with a single conditioned space 14 to be control-
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led to a predetermined set point temperature, and re-
frigeration system 10 may be associated with a com-
partmentalized application in which conditioned
space 14 is divided into two or more separate condi-
tioned spaces to be individually conditioned to select-
ed set point temperatures. For purposes of example
only, the embodiments of the invention set forth in
the Figures illustrate a single conditioned space 14.

More specifically, refrigeration system 10 in-
cludes a vessel 16 containing a suitable cryogen,
such as nitrogen (N,), or carbon dioxide (CO,), for ex-
ample, with a liquid phase thereof being indicated at
18. Vessel 16 also contains cryogen in vapor form,
above the liquid level, with the vapor form being indi-
cated at 20. Vessel 16 may be filled, for example, by
connecting a ground support apparatus or truck, gen-
erally indicated at 22, to a supply line or conduit 24
which includes a valve 26. Vapor pressure in vessel
18 is maintained above a predetermined minimum
value selected for optimum system performance.
When the cryogen is CO, the predetermined mini-
mum value is selected to be above the triple point or
slush point of CO,, ie., 75.13 psia, by a known prior
art pressure regulating arrangement 28 in which a
conduit 30 connects a lower point of vessel 16 with an
upper point thereof. Conduit 30 includes a valve 32,
a vaporizing coil 34, and a valve 36. Valve 32 opens
when the pressure in vessel 16 falls to the predeter-
mined value, admitting liquid cryogen 18 into vapor-
izing coil 34. Vaporizing coil 34 is exposed to ambient
temperature outside of vehicle 12. A pressure reading
safety valve 38 is also provided in conduit 30 ata point
where the vapor pressure in vessel 16 may be directly
sensed. A venting valve 40 is also provided to facili-
tate the filling process. Again, using CO, as an exam-
ple for the cryogen, vessel 16 may be filled with CO,
at an initial pressure of about 100 psia and an initial
temperature of about -58°F (-50°C). Of course, other
pressures and temperatures may be used than set
forth in this example, such as an initial pressure of
about 300 psia and an initial temperature of about 0°F
(-17.8°C). The initial temperature is selected to be
thermodynamically compatible with the lowest se-
lectable operating temperature of the conditioned
space 14.

The present invention relates primarily to new
and improved arrangements for providing air mover
methods and apparatus for refrigeration system 10,
by utilizing liquid cryogen 18 from supply vessel 186,
and also by utilizing vaporized cryogen 20 from sup-
ply vessel 16. Figures 1 and 2 relate to the use of lig-
uid cryogen 18 for implementing such air moving
methods and apparatus, and Figure 3 relates to the
use of vaporized cryogen 20 for implementing such
air moving methods and apparatus.

A first cryogen flow path 42 is provided which
draws liquid cryogen 18 from vessel 16 via a conduit
44, Conduit 44 extends from a low point of vessel 16
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to afirst heat exchanger 46 via a flow regulating valve
48. Thefirstflow path 42 continues fromthe first heat
exchanger 46 to a tee 50 via a conduit 52 which may
include a check valve 54.

Flow regulating feed valve 48 is controlled by
electrical control 56 as a function of system condi-
tions at any instant. For example, valve 48 may be
controlled as a function of the set point temperature,
the actual temperature of conditioned space 14, and
the ambient temperature. The set point temperature
for conditioned space 14 is selected by a set point
temperature selector 58. The temperature of condi-
tioned space 14 is sensed by either, or both, return
air and discharge air temperature sensors 60 and 62.
Temperature sensor 60 senses the temperature of air
returning to an air conditioning means or apparatus
64, with the return air being indicated by arrow 66.
The hereinbefore mentioned first heat exchanger 46
is associated with air conditioning apparatus 64. Tem-
perature sensor 62 senses the temperature of air be-
ing discharged by air conditioning apparatus 64, with
the discharge air being indicated by arrow 68. The
temperature of ambient air is sensed by an ambient
air temperature sensor 70. The conditioned air 68,
which results from the heat exchange relation be-
tween the return air 66 and heat exchanger 46, is dis-
charged back into conditioned space 14. Conditioned
air does not mix with cryogen at any point in the re-
frigeration systems of the invention. Thus, there is
never any contamination of conditioned space 14
with cryogen. Refrigeration system 10, however, may
be used in combination with arrangements which in-
ject CO, into a conditioned space for fast temperature
pull down and/or for load preservation. In such com-
bined applications vessel 16 may be used as the
source of the CO,.

Atemperature sensor 72 is disposed to sense the
surface temperature of the first heat exchanger 46 at
a location at or near the exit end of heat exchanger
46 to detect when evaporation may not be 100%,
such as when surface ice builds up on heat exchang-
er 46. Thus, temperature sensor 72 may be used to
trigger a defrost mode or cycle, as will be hereinafter
explained. When other means is used to trigger de-
frost, such as a timer, temperature sensor 72 may be
used to cut the flow rate of flow regulating valve 48
when the temperature drops to a predetermined val-
ue which indicates that evaporation may not be com-
plete. Temperature sensor 72 may also be used to de-
tect the degree of superheat in the vaporized cryo-
gen, as well as detecting when evaporation may not
be 100%, such as when surface ice builds up on heat
exchanger 46. Thus, temperature sensor 72 may be
used to enable electrical control 56 to control the flow
rate of cryogen through valve 48 to maintain a desired
degree of superheat in the vaporized cryogen exiting
heat exchanger 46.

Air in conditioned space 14 is drawn into air con-
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ditioning apparatus 64, and discharged back into con-
ditioned space 14, by air mover means 74. Air mover
means 74 includes a fan or blower 76 which is driven
by vaporized cryogen in a suitable vapor driven motor
or turbine 78, which will hereinafter be referred to as
vapor driven motor 78.

The first heat exchanger 46 is configured and di-
mensioned, and the cryogen flow rate controlled, to
completely vaporize the liquid cryogen 18, and thus
vaporized cryogen is delivered from the exit end of
heat exchanger 46 to tee 50. The first flow path 42
continues from tee 50 to the input of vapor driven mo-
tor 78 via a conduit 80 which includes cryogen heat-
ing means 82. Depending upon the pressure of the
cryogen in vessel 18, conduit 52 may also include a
back pressure regulating valve 84 and an expansion
valve 86, both shown in phantom. Expansion valve 86
isenthalpically expands the vaporized cryogen be-
fore being directed to the vapor operated motor 78.
Valves 86 and 88 may have manually adjustable or
fixed orifices, or the orifice sizes may be controlled
by electrical control 56.

Cryogen heating means 82 includes a heat ex-
changer coil 90 connected in the cryogen flow path
which includes conduit 80, and a fuel supply 92 con-
nected to a suitable burner 94 via a conduit 96 which
includes a valve 98. The fuel from fuel supply 92, for
example, may include liquefied natural gas, propane,
diesel fuel, and the like. In stationary applications,
other available source of heat may be used, including
electrical, hot liquids, and hot waste gases.

The output of vapor driven motor 78 is selectively
connectable to a vent conduit 100 via a valve 102, and
to a second heat exchanger 104 via conduits 106 and
108 interconnected via a tee 110. Conduit 106 in-
cludes a valve 112. In a stationary application, the
CO, may be collected and compressed into a cryo-
genic state for reuse.

The first flow path 42 is selectively alterable to
by-pass the air mover means 74 via a tee 114 dis-
posed in conduit 80, with a valve 116 being disposed
between tee 114 and the input of vapor motor 78. Tee
114 extends to tee 110 via a conduit 118 which in-
cludes a valve 120. Valves 116 and 120 may select
one or the other of the parallel flow paths between
tees 114 and 110, or both, as required by current op-
erating conditions. Valves 116 and 120 may be pro-
portional valves, instead of on/off valves, which se-
lectively enable vaporized cryogen to flow through
either, or both, of the parallel flow paths between tees
114 and 110, at selected flow rates.

The liquid portion of the first flow path 42 is tap-
ped between flow regulating valve 48 and vessel 16,
via a tee 122. A second cryogen flow path 124 inter-
connects tee 122 with the hereinbefore mentioned
tee 50 disposed in the first flow path 42. The second
cryogen flow path 124 includes a valve 126, an am-
bient loop 128, and a conduit 130. Ambient loop 128
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is located to expose liquid cryogen 18 to ambient tem-
perature, vaporizing the liquid cryogen. As disclosed
in concurrently filed United States application Serial
No. 07/982,333, the effectiveness of any ambient
loops, such as ambient loops 34 and 128, may be en-
hanced by directing heat produced by the operation
of the associated refrigeration system, eg., heat pro-
duced by burner 94 and heat in expended cryogen,
when the temperature of the expended cryogen ex-
ceeds ambient temperature, into contact with the am-
bient loops.

Thus, the second cryogen flow path 124 joins the
first cryogen flow path 42 at tee 50. The flow path be-
tween tee 50 and vapor motor 78 is controllable to
make it a sole portion of the first flow path 124, a sole
portion of the second flow path 124, or a combined
flow path which includes flow from both the first and
second flow paths 42 and 124, as required by condi-
tioned space 14 at any instant.

A cooling cycle which removes heat from the re-
turn air 66 to reduce the temperature of conditioned
space 14 is initiated by opening flow regulating valve
48, and vaporizing liquid cryogen 18 in the first heat
exchanger 46. During a cooling cycle valves 100 and
116 would be open, and valve 126 would be closed.

The first heat exchanger 46 is the last cooling re-
lated heat exchange apparatus in the first or the sec-
ond flow paths, singly or combined, and thus the va-
porized cryogen may be heated downstream there-
from, if necessary, in cryogen heating means 82 to
achieve the desired fan horsepower. When heat is re-
quired, control 56 opens valve 98 and ignites the fuel
from fuel supply 92 to provide a flame 132 which adds
heat to the cryogen flowing through heat exchanger
90. When the temperature of conditioned space 14 is
near the selected set point temperature, there will be
little flow of cryogen through the first heat exchanger
46, and when the fan horsepower drops to a prede-
termined low marginal value, control 56 opens valve
126 to tap the liquid cryogen flow path 124, and pro-
vide the required total flow of heated cryogen through
vapor driven motor 78. Air flow rate may be detected,
for example, by speed sensor means 131 associated
with vapor motor 78, such as by utilizing a toothed
wheel and sensor.

Thus, completely independent control may be
provided over the horsepower, speed, and air flow
rate of fan 76 via the cryogen heating apparatus 82,
without deleteriously affecting a cooling cycle which
may be taking place simultaneously with the heating
of the cryogen. The heated cryogen leaving vapor
motor 78 is not passed through any heat exchanger
associated with air conditioning apparatus 64 during
a cooling cycle. As hereinbefore stated, the first heat
exchanger 46 is the last heat exchange apparatus in
the cryogen flow path which is associated with a cool-
ing mode for conditioned space 14. Air mover means
74, located downstream from the first heat exchang-
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er means 46, may thus have the cryogen heated to
any suitable temperature, as required to derive the re-
quired fan horsepower at any instant.

During a heating cycle to hold the temperature of
the conditioned space 14 in a predetermined temper-
ature band adjacent to the selected set point temper-
ature, flow control valve 48 and valve 102 will be
closed, and valves 126, 116, 112 and 98 will be open.
Thus, liquid cryogen from the second flow path 124
will be heated, passed through vapor motor 78 and
then passed through the second heat exchanger 104
to add heat to the return air 66 before discharging the
heated air 68 back into the conditioned space 14. Ap-
propriate control of the supply valve 126, as well as
control of valves 116 and 120 which control the flow
through the parallel flow paths between tees 114 and
110, select the desired proportions of heated cryogen
circulated through vapor motor 78, the second heat
exchanger 104, and the flow rate from tee 110 to the
second heat exchanger 104, to obtain the desired air
flow rate and the desired heating of the conditioned
space 14. For example, valve 126 may be operated
on-off to provide a predetermined percent of "on" to
"off" flow time, or valve 126 may be proportional
valve; and/or valve 120 may be operated on-off to al-
low a portion of the heated cryogen to by-pass vapor
driven motor 78 when the air flow rate is too great;
and/or valve 100 may be operated on-off to reduce
the amount of heated cryogen reaching the second
heat exchanger 104 as the conditioned space tem-
perature approaches set point, without reducing fan
horsepower. As hereinbefore stated, valves 116 and
120 may also be proportional valves, controlling the
size of a flow orifice, instead of operating in an on-off
mode.

A defrost mode, required to defrost the first heat
exchanger 46, is similar to a heating mode to hold set
point, exceptvalve 116 would be closed and valve 120
would be open, to stop vapor motor 78 during a de-
frost cycle. The heated cryogen is passed through
the second heat exchanger 104 via the by-pass flow
path which includes the open valve 120. The second
heat exchanger 104 is disposed in heat exchange re-
lation with the first heat exchanger 46, as illustrated
by the heat conductive fins 134 disposed between
the two heat exchangers 46 and 104, quickly melting
water ice which builds up on the first heat exchanger
46 during a cooling cycle. Instead of stopping vapor
motor 78 during a defrost cycle, a controllable defrost
damper 136 may be provided. When provided, damp-
er 136 would be closed during a defrost cycle, pre-
venting warm air from being discharged into condi-
tioned space 14. When defrost damper 136 is closed,
vapor operated motor 78 may be allowed to continue
to operate, ie., valve 116 may be open and valve 120
closed, which arrangement reduces defrost time due
to the circulation of air about heat exchangers 46 and
104 provided by fan 76.
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When the temperature of conditioned space 14 is
satisfied, requiring neither a cooling cycle nor a heat-
ing cycle to hold the temperature of conditioned
space 14 in a predetermined narrow temperature
band adjacent to the selected set point temperature,
a null cycle may be provided. Such a null cycle is pro-
vided, with independent control over air flow in con-
ditioned space 14, without passing cryogen through
either of the heat exchangers 46 and 104. Air flow
control during a null cycle is provided by closing valve
48, and opening valves 126 and 98. Valves 116 and
102 remain open, and valves 112 and 120 remain
closed. Thus, liquid cryogen from the second flow
path 124 is heated in cryogen heating means 82,
passed through vapor driven motor 116, and dis-
charged through valve 102 and vent conduit 100.

During the operation of refrigeration system 10 in
a cooling cycle, it is necessary to maintain the pres-
sure of the cryogen above a predetermined value,
which, when the cryogen is CO,, is above the triple
point thereof. Back pressure regulators may be locat-
ed at strategic locations in the flow paths, such as
back pressure regulator 84; or, the vapor pressure in
vessel 16 may be used to maintain the pressure inthe
flow paths above the desired minimum value. An ar-
rangement 137 for using vapor pressure in vessel 18
for providing such pressure regulation is shown in
phantom, including a conduit 138, a valve 140, which
may be manually operable, or controlled by electrical
control 56, and a fixed or controlled pressure regulat-
ing valve 142. A check valve 144 is illustrated, but
may be unnecessary as the vapor pressure in vessel
18 should always be higher than the pressure at any
flow path point. Conduit 138 may have a smaller
opening diameter than the opening diameters of the
main flow conduits. As indicated, the first flow path
44 may be tapped and connected to the pressure
maintaining flow path where necessary, such as in-
dicated by arrows 146 and 148.

Arrow 150 indicates that the first liquid flow path
42 may be further tapped to provide liquid cryogen for
heat exchange apparatus associated with additional
heat exchangers, such as for conditioning an addi-
tional conditioned space, or spaces, when refrigera-
tion system 10 is associated with a compartmental-
ized application.

Figure 2 is a diagrammatic representation of a re-
frigeration system 152 constructed according to an-
other embodiment of the invention which utilizes lig-
uid cryogen to implement fan control apparatus. Asin
the embodiment of Figure 1, the fan operating modes
in the embodiment of Figure 2 are not restricted orim-
paired by the type of refrigeration cycle, cooling,
heating or null, the associated refrigeration system
152 is currently operating in, nor by the amount of
cryogen flowing through a heat exchanger. Compo-
nents in Figure 2 which are the same as those in Fig-
ure 1 are given like reference numbers, and descrip-
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tions thereof are not repeated.

Afirst cryogen flow path 154 is connected from
a low point on supply vessel 16 to a first heat ex-
changer 156, via a conduit 158 which includes the lig-
uid cryogen tapping tee 122, the flow regulating valve
48, and a tee 159 located between valve 48 and the
first heat exchanger 156. The first heat exchanger
156, which is associated with an air conditioning
means or apparatus 160, is connected to a second
heat exchanger 162 via a conduit 164 which includes
a pressure regulating valve 166, a tee 168, a valve
170, and an isenthalpic expansion valve 172.

The output of the second heat exchanger 162 is
connected to the input of vapor driven motor 78 via a
conduit 174 which includes a tee 176, the hereinbe-
fore mentioned cryogen heating means 82, and a
conduit 178 which includes a tee 179. A conduit 180
containing a valve 182 interconnects tees 168 and
176, enabling the second heat exchanger 162 to be
by-passed when desired, such as during staged heat-
ing or cooling as the temperature of conditioned
space 14 nears the set point temperature. "Staged"
heating and cooling refers to operation of only one of
the heat exchangers 156 or 162 in temperature rang-
es immediately adjacent to both sides of the selected
set point temperature, and operation of both heat ex-
changers 156 and 162 outside these temperature
ranges. The output of vapor motor 78 may be connect-
ed to a vent conduit 184. As hereinbefore stated, in
stationary applications, cryogen may be collected
and compressed for re-use, instead of exhausting ex-
pended cryogen to the atmosphere.

A second cryogen flow path 186 interconnects
tees 122 and 159 in the first cryogen flow path 154
via the valve 126, the ambient loop 128, cryogen
heating means 188, atee 190, and a valve 192. A con-
duit 194 interconnects tees 190 and 179 via a valve
196. The cryogen heating means 188 includes a heat
exchanger coil 198, which, as indicated, may be part
of heat exchanger means 82, being heated by burner
94; or, a separate burner and controllable valve may
be connected to fuel supply 92, as desired.

A cooling cycle is initiated in refrigeration system
152 by opening flow regulating valve 48, while valve
126 remains closed, and the first cryogen flow path
154 directs liquid cryogen to the first heat exchanger
156 where it is vaporized, removing heat from the re-
turn air 66. During initial temperature pull-down of
conditioned space 14, valve 170 would be open and
valve 182 would be closed, as illustrated, and the va-
porized cryogen is isenthalpically expanded in ex-
pansion valve 172, prior to directing the vaporized
cryogen through the second heat exchanger 162. In
this embodiment, the second heat exchanger 162 is
the last heat exchanger in the cryogen flow path
which is associated with a cooling mode or cycle, and
thus the vaporized cryogen may be heated in cryo-
gen heating means 82 without deleterious affect on
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the on-going cooling cycle.

As the temperature of conditioned space 14 is
approached, the by-pass flow path which includes
conduit 180 may be activated. This allows cryogen at
a higher pressure to enter heat exchanger 90. The
higher the pressure of the cryogen entering heat ex-
changer 90, the lower the temperature the cryogen
need be heated to, for equivalent fan horsepowers,
thus conserving fuel in supply 92.

A heating cycle initiated to achieve the selected
set point temperature is initiated by closing valve 48
and opening valves 126 and 98. The liquid cryogen in
the second flow path 186 is thus initially heated in
ambient loop 128, and selectively heated to a higher
temperature in heat exchanger 198, before it is
passed through heat exchanger 156, and optionally
through heat exchanger 162, to add heat to the return
air 66 from conditioned space 14. The heated cryo-
gen reaching heat exchanger 90 is heated to a still
higher temperature, when there is a single burner 94;
and, the heated cryogen reaching heat exchanger 90
may be optionally heated, when there are two burn-
ers, as required to provide the desired horsepower for
driving vapor motor 78.

During a defrost heating mode to defrost water
ice which collects on the external surfaces of the first
and second heat exchangers 156 and 162, the sec-
ond flow path 186 is activated to heat the liquid cryo-
gen in ambient loop 128 and in heat exchanger 198,
and the heated cryogen is passed through both heat
exchangers 156 and 162. When two burners are pro-
vided, it is not necessary to heat the cryogen in heat
exchanger 90 during defrost, as the RPM of vapor
motor 78 is not critical. The controlled damper 136 is
closed during defrost to prevent any air moved by fan
76 from entering conditioned space 14. Instead of
damper 136, a dump valve (not shown) may be dis-
posed in conduit 178, to dump the heated cryogen to
the atmosphere before reaching vapor motor 78 dur-
ing a defrost operation.

When the temperature of conditioned space is in
a predetermined narrow temperature band adjacent
to the selected set point temperature which requires
neither a cooling cycle nor a heating cycle, air circu-
lation in conditioned space 14 is provided, without di-
recting cryogen through either heat exchanger 156 or
162, by closing valves 48 and 192 and by opening
valves 126, 196 and 98. Thus, liquid cryogen is heat-
ed in the second flow path 186 and directed to vapor
driven motor 78. Conduit 194 and the open valve 196
form a by-pass flow path which causes the heated
cryogen to by-pass heat exchangers 156 and 162.

As described relative to Figure 1, vapor pressure
in vessel 16 may be used instead of back pressure
regulating valves, to maintain the pressure in the flow
paths above the desired minimum value, as indicated
by arrows 197 and 199 in Figure 2.

Figure 3 is a diagrammatic representation of a re-
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frigeration system 200 which provides independent
fan control operating modes, similar to those descri-
bed relative to the embodiments of the invention set
forth in Figures 1 and 2, except the Figure 3 embodi-
ment utilizes vaporized cryogen 20 from supply ves-
sel 16, instead of liquid cryogen 18. An adequate sup-
ply of vapor in vessel 16 is provided by the hereinbe-
fore described pressure building flow path 28. Com-
ponents in the embodiment of Figure 3 which may be
the same as in the embodiments of Figures 2 and 3
are identified with like reference numbers, and their
descriptions are not repeated. For purposes of exam-
ple, the heat exchanger arrangement of Figure 2 is
used in the Figure 3 embodiment.

More specifically, refrigeration system 200 of
Figure 3 includes a vaporized cryogen flow path 202
which interconnects an upper point of vessel 16 with
the input of the first heat exchanger 156, via a conduit
204. In the embodiment of Figure 2, the first heat ex-
changer 156 functions as an evaporator, evaporating
the liquid cryogen 18. In the embodiment of Figure 3,
heat exchanger 156 functions as a vapor to air heat
exchanger, receiving vaporized cryogen 20 from ves-
sel 16.

Conduit 204 includes a pressure regulating valve
206, a tee 208, a valve 210, tees 212 and 214, and a
valve 216. The exit end of the second heat exchanger
162 is connected to heat exchanger 90 of cryogen
heating means 82 via a conduit 218, a check valve
220, and a tee 222. The output of heat exchanger 90
is connected to the input of vapor motor 78 via a con-
duit 224, a tee 226, and a valve 228. Tee 226 is con-
nected to a dump valve 230.

Aheat exchanger 232 is connected between tees
208 and 212 via a valve 234. Heat exchanger 232 se-
lectively adds heat to the vaporized cryogen 20, such
as for heating and defrost cycles in air conditioning
apparatus 160. Heat exchanger 232 may be part of
heating means 82, being heated by burner 94, or a
separate burner and controllable valve may be con-
nected to fuel supply 92, as desired. A valve 236 is
disposed in a conduit 238, with conduit 238 intercon-
necting tees 214 and 222.

In a cooling cycle, vaporized cryogen 20 passes
through the normally open valves 210, 216, 170, and
228, to remove heat from conditioned space 14 via
the first and second heat exchangers 156 and 162.
As set point is approached, valve 170 may be closed,
and valve 182 opened, to reduce the cooling rate and
providing cryogen at a higher pressure to vapor motor
78. Burner 94 is ignited, as required, to add heat and
fan horsepower for the desired operation of vapor
motor 78. As in the other embodiments, vapor motor
78 is located after all cooling related modes or cycles
associated with air conditioning apparatus 160 have
been performed, and therefore the cryogen may be
heated downstream therefrom to any desired temper-
ature without adverse affect on the simultaneous
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cooling cycle taking place in air conditioning appara-
tus 160.

In a heating cycle required to raise the tempera-
ture of conditioned space 14, to achieve a predeter-
mined temperature band adjacent to the selected set
point temperature, valve 210 is closed and valves 234
and 98 are opened, to divert vaporized cryogen 20
through heat exchanger 232, which is heated by burn-
er 94. As set point is approached, valve 170 may be
closed and valve 182 opened to reduce the heating
rate and provide cryogen at a higher temperature and
pressure for vapor motor 78. Additional heat will be
added to the cryogen during a heating cycle via heat
exchanger 90, if heat exchangers 232 and 90 are
both associated with burner 94. If separate burners
are used, the burner associated with heat exchanger
90 may be activated only when additional heat is nec-
essary to achieve the desired fan horsepower.

A defrost cycle is similar to the heating cycle just
described, except both heat exchangers 156 and 162
remain in the active cryogen flow path. If valves 228
and 230 are notincluded, damper 136 is closed during
a defrost cycle. With valves 228 and 230 present, de-
frost damper 136 is not essential, as vapor motor 78
may be stopped during a defrost cycle by closing
valve 228 and opening dump valve 230.

When the temperature of the served conditioned
space 14 is in a "satisfied" temperature band adja-
cent to the selected set point temperature, air circu-
lation in conditioned space 14 is provided without cir-
culating cold or heated cryogen through heat ex-
changers 156 and 162, by closing valve 216 and
opening valves 236 and 98, to heat the vaporized
cryogen 20 to the temperature necessary to achieve
the desired fan horsepower output from vapor motor
78. Since the vapor pressure will be high, a given
amount of cryogen will deliver a given fan horsepow-
er via vapor motor 78 at a lower temperature. Thus, it
is not essential that valve 210 be closed and that
valve 234 be opened to add additional heat to the
cryogen. However, if heat exchangers 90 and 232 are
heated by a single burner 94, both heat exchangers
90 and 232 may be used to maximize the temperature
of the cryogen for the amount of fuel being used from
fuel supply 92. The resulting higher temperature en-
ables electrical control 56 to reduce the amount of
cryogen required from vessel 16 during this indepen-
dent fan operating mode, by adding a flow rate control
valve to conduit 204 between back pressure regulator
206 and tee 208.

While not illustrated in the Figures, in order to
prevent excessive pressures from building up when
the refrigeration systems of the invention are shut
down, a pressure relief valve should be added at any
location where cryogen may be trapped between two
valves at shut down.

Also, while not illustrated, it is to be understood
that in transport applications blowers and/or fans
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driven by electrical motors powered by the vehicle
electrical system, other suitable source, may aug-
ment the vapor motors, for moving air between the
conditioned spaces and the associated heat ex-
changers. This is also applicable to stationary appli-
cations, with the electrical mains being used to power
electrical motors connected to fans and/or blowers.
Also, in transport applications, the vapor motors may
drive electrical generators or alternators for the pur-
pose of charging batteries associated with the refrig-
eration system control.

Claims

1. A method for controlling the temperature of a
conditioned space (14), comprising the steps of:
providing a supply (16) of cryogen,

providing a flow path (154) for the cryo-
gen, wherein cryogen from the supply of cryogen
flows through the cryogen flow path,

using the cryogen in the cryogen flow
path to provide a cooling cycle for the conditioned
space, including the step of providing heat ex-
changer means (156,162) in the cryogen flow
path,

using the cryogen in the cryogen flow
path to move air from the conditioned space in
heat exchange relation with the heat exchanger
means, after the step of using the cryogen to pro-
vide the cooling cycle for the conditioned space,
including the step of providing cryogen driven air
mover means (74) in the cryogen flow path
downstream from the heat exchanger means,
such that the cryogen driven air mover means
utilizes cryogen which is not required for the
cooling cycle,

and controlling the flow of cryogen
through the cryogen flow path to control the tem-
perature of the conditioned space.

2. The method of claim 1 wherein the step of provid-
ing the supply of cryogen includes the step of pro-
viding cryogen (18) in a liquid state, and the step
of providing the cryogen flow path includes the
step of directing liquid cryogen from the supply of
cryogen into the cryogen flow path, and including
the step of vaporizing the liquid cryogen in the
heat exchanger means, to provide vaporized
cryogen for the cryogen driven air mover means.

3. The method of claim 1 wherein the step of provid-
ing the supply of cryogen includes the step of pro-
viding cryogen (20) in a vapor state, and the step
of providing the cryogen flow path includes the
step of directing cryogen in the vapor state from
the supply of cryogen into the cryogen flow path.
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The method of claim 1 including the step of alter-
ing (48,126) the cryogen flow path to by-pass the
heat exchanger means, to selectively direct cryo-
gen in the cryogen flow path directly to the cryo-
gen driven air mover means without going
through the heat exchanger means.

The method of claim 4 including the step of heat-
ing (82) the cryogen in the cryogen flow path up-
stream from the cryogen driven air mover
means.

The method of claim 1 including the step of heat-
ing (82) the cryogen in the cryogen flow path
downstream from the heat exchanger means and
upstream from the cryogen driven air mover
means.

The method of claim 1 including the step of reg-
ulating (84;137) the vapor pressure of vaporized
liquid cryogen in the cryogen flow path to a point
above the triple point of the cryogen, to prevent
the formation of solid cryogen in the cryogen
flow path.

The method of claim 7 wherein the supply of
cryogen is at a predetermined pressure above
the triple point of the cryogen, with the regulating
step including the step of introducing (137) the
pressure of the cryogen supply at a predeter-
mined location in the cryogen flow path, to main-
tain the pressure at the predetermined location of
the cryogen flow path above the triple point of
the cryogen.

The method of claim 1 including the steps of:
providing a second cryogen flow path
(124) from the supply of cryogen directly to the
cryogen driven air mover means, and
directing cryogen from the supply of cryo-
gen through both cryogen flow paths simultane-
ously.

The method of claim 9 including the steps of com-
bining (50) the two cryogen flow paths (42,124)
upstream from the cryogen driven air mover
means, and heating (82) cryogen in the com-
bined cryogen flow path upstream from the cryo-
gen driven air mover means.

The method of claim 9 wherein the supply of
cryogen includes liquid cryogen (18), and the two
cryogen flow paths receive liquid cryogen from
the supply of cryogen, and including the step of
adding heat to the liquid cryogen in the second
cryogen flow path to vaporize the liquid cryogen.

The method of claim 1 including the step of using
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(124,82) the cryogen in the cryogen flow path to
provide a heating cycle for the conditioned
space, after the step of using the cryogen in the
cryogen flow path to move air in heat exchange
relation with the heat exchanger means, with the
step of using the cryogen in the cryogen flow
path to provide a heating cycle including the
steps of:

altering (48,124) the cryogen flow path to
by-pass the heat exchanger means, to selective-
ly direct cryogen directly to the cryogen driven air
mover means without going through the heat ex-
changer means,

heating (82) the cryogen in the cryogen
flow path, upstream from the cryogen driven air
mover means,

providing additional heat exchanger
means (104) in the cryogen flow path, down-
stream from the cryogen driven air mover
means, for use in the heating cycle for the con-
ditioned space, with the step of moving air from
the conditioned space in heat exchange relation
with the heat exchanger means also moving air
from the conditioned space in heat exchange re-
lation with the additional heat exchanger means,

and directing (80) heated cryogen through
the cryogen driven air mover means and the ad-
ditional heat exchanger means.

The method of claim 12 including the step of ad-
ditionally altering (116,120) the flow path to pro-
vide a parallel cryogen flow path around the
cryogen driven air mover means, and directing
heated cryogen to the additional heat exchanger
means through both the cryogen driven air
mover means and the parallel cryogen flow path.

The method of claim 1 including the step of pro-
viding a defrost cycle, with the step of providing
a defrost cycle including the steps of:

altering (48,124) the cryogen flow path to
by-pass the heat exchanger means, to selective-
ly direct cryogen in the altered cryogen flow path
directly to the cryogen driven air mover means
without going through the heat exchanger
means,

heating (82) the cryogen in the cryogen
flow path upstream from the cryogen driven air
mover means,

providing an additional heat exchanger
(104) in the cryogen flow path, downstream from
the cryogen driven air mover means, for use in a
defrost cycle, with the additional heat exchanger
being in heat exchange relation (134) with the
heat exchanger means,

positioning (106,108) the additional heat
exchanger in the cryogen flow path, downstream
from the cryogen driven air mover means,
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additionally altering the cryogen flow path
to provide a by-pass cryogen flow path (118,120)
around the cryogen driven air mover means, and

directing heated cryogen to the additional
heat exchanger through only the by-pass cryo-
gen flow path.

The method of claim 1 wherein the heat exchang-
er means includes first and second serially con-
nected heat exchangers (156,162) in the cryogen
flow path, and including the step of expanding
(172) cryogen isenthalpically in the cryogen flow
path between the first and second serially con-
nected heat exchangers.

The method of claim 1 including the step of using
the cryogen in the cryogen flow path to provide
a heating cycle, including the step of heating (82)
the cryogen in the cryogen flow path upstream
from the heat exchanger means.

The method of claim 1 including the step of using
the cryogen in the cryogen flow path to provide
a heating cycle, including the steps of heating
(198;232) the cryogen in the cryogen flow path,
upstream from the heat exchanger means, and
heating (90) the cryogen in the cryogen flow
path, downstream from the heat exchanger
means and upstream from the cryogen driven air
mover means.

The method of claim 1 including the step of using
cryogen in the cryogen flow path to provide a de-
frost cycle, including the steps of heating
(90;198;232) the cryogen in the cryogen flow
path, upstream from the heat exchanger means,
and exhausting (230,228) the heated cryogen
downstream from the cryogen flow path, from
the heat exchanger means and upstream from
the cryogen driven air mover means.

A refrigeration system (10) for controlling the
temperature of a conditioned space, including a
supply (16) of cryogen, heat exchanger means
(46), a cryogen flow path (42) which directs cryo-
gen from the supply of cryogen through the heat
exchanger means, and cryogen driven air mover
means (74) in the cryogen flow path which
moves air from the conditioned space in heat ex-
change relation with the heat exchanger means
to provide a cooling cycle for the conditioned
space, the improvement comprising:

said cryogen driven air mover means be-
ing disposed in the cryogen flow path down-
stream from the heat exchanger means, such
that cryogen used to drive the cryogen driven air
mover means has completed its usage in provid-
ing the cooling cycle for the conditioned space,
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and including means for controlling the
flow of cryogen through the cryogen flow path to
control the temperature of the conditioned
space.

The refrigeration system of claim 19 wherein the
supply of cryogen includes cryogen (18) in a lig-
uid state, and the cryogen flow path directs liquid
cryogen from the supply of cryogen into the cryo-
gen flow path, with the heat exchanger means
vaporizing the liquid cryogen to provide vapo-
rized cryogen for the cryogen driven air mover
means.

The refrigeration system of claim 19 wherein the
supply of cryogen includes cryogen (20) in a va-
por state, and the cryogen flow path directs cryo-
gen in the vapor state from the supply of cryogen
into the cryogen flow path.

The refrigeration system of claim 19 including
means (48,126) for selectively altering the cryo-
gen flow path to by-pass the heat exchanger
means and direct cryogen directly to the cryogen
driven air mover means without going through
the heat exchanger means.

The refrigeration system of claim 22 including
heating means (82) disposed in the cryogen flow
path, upstream from the cryogen driven air
mover means, said heating means heating cryo-
genin the cryogen flow path to provide energy for
operating the cryogen driven air mover means.

The refrigeration system of claim 19 including
heating means (82) disposed in the cryogen flow
path downstream from the heat exchanger
means and upstream from the air mover means,
said heating means heating cryogen in the cryo-
gen flow path to provide energy for operating the
cryogen driven air mover means.

The refrigeration system of claim 19 including
pressure regulator means (84;137) for regulating
the vapor pressure of vaporized liquid cryogen in
the cryogen flow path to a point above the triple
point of the cryogen, to prevent the formation of
solid cryogen in the cryogen flow path.

The refrigeration system of claim 25 wherein the
supply of cryogen is at a predetermined pressure
above the triple point of the cryogen, with the
pressure regulator means including means (137)
connected to a predetermined location of the
cryogen flow path to introduce the supply pres-
sure of the cryogen at the predetermined loca-
tion of the cryogen flow path.
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The refrigeration system of claim 19 including a
second flow path (124) disposed to connect the
supply of cryogen directly to the cryogen driven
air mover means, by-passing the heat exchanger
means, and means (48,124) for directing cryogen
from the source of cryogen through both cryogen
flow paths simultaneously.

The refrigeration system of claim 27 wherein the
supply of cryogen includes liquid cryogen (18),
with both cryogen flow paths being connected to
receive liquid cryogen from the supply of cryo-
gen.

The refrigeration system of claim 27 including
means (50) combining the two cryogen flow
paths upstream from the cryogen driven air
mover means, and heating means (82) disposed
in the combined cryogen flow path, upstream
from the cryogen driven air mover means, for
heating cryogen flowing through the combined
cryogen flow path.

The refrigeration system of claim 27 wherein the
supply of cryogen includes liquid cryogen (18),
and the two cryogen flow paths receive liquid
cryogen from the supply of cryogen, and includ-
ing ambient loop means (128) disposed in the
second cryogen flow path, said ambient loop
means being exposed to ambient temperature, to
provide heat for vaporizing the liquid cryogen in
the second cryogen flow path.

The refrigeration system of claim 19 including
means (48,126) for selectively altering the cryo-
gen flow path to by-pass the heat exchanger
means, to direct cryogen directly to the cryogen
driven air mover means without going through
the heat exchanger means,

heater means (82) disposed in the cryo-
gen flow path, upstream from the cryogen driven
air mover means, for adding heat to the cryogen
in the cryogen flow path,

and an additional heat exchanger (104)
disposed in the cryogen flow path, with the cryo-
gen driven air mover means moving air from the
conditioned space in heat exchange relation with
the additional heat exchanger,

whereby the heated cryogen in the cryo-
gen flow path flows through the cryogen driven
air mover means and the additional heat ex-
changer to provide a heating cycle for the condi-
tioned space.

The refrigeration system of claim 31 including
means (116,120) for selectively altering the cryo-
gen flow path to provide a parallel cryogen flow
path around the cryogen driven air mover means,
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such that heated cryogen flows to the additional
heat exchanger through both the cryogen driven
air mover means and said parallel cryogen flow
path.

The refrigeration system of claim 19 including
means (48,126) for selectively altering the cryo-
gen flow path to by-pass the heat exchanger
means, to direct cryogen directly to the cryogen
driven air mover means without going through
the heat exchanger means, heating means (82)
disposed to heat cryogen in the cryogen flow
path upstream from the air mover means, an ad-
ditional heat exchanger (104) in the cryogen flow
path, downstream from the cryogen driven air
mover means, for use in a defrost cycle, with the
additional heat exchanger being disposed in heat
exchange relation with the heat exchanger
means, means (116,120) for selectively altering
the cryogen flow path to provide a by-pass cryo-
gen flow path around the cryogen driven air
mover means, such that cryogen heated by the
heating means flows to the additional heat ex-
changer only via the by-pass cryogen flow path.

The refrigeration system of claim 19 wherein the
heat exchanger means includes first and second
serially connected heat exchangers (156,162) in
the cryogen flow path, and including means
(172) disposed in the cryogen flow path between
the first and second heat exchangers for expand-
ing cryogen isenthalpically.

The refrigeration system of claim 19 including
heating means (90;198;232) disposed in the
cryogen flow path upstream from the heat ex-
changer means for heating cryogen in the cryo-
gen flow path to provide a heating cycle for the
conditioned space.

The refrigeration system of claim 19 including
first heating means (198;232) disposed in the
cryogen flow path upstream from the heat ex-
changer means, for heating cryogen in the cryo-
gen flow path to provide a heating cycle for the
conditioned space, and second heating means
(90) disposed in the cryogen flow path down-
stream from the heat exchanger means and up-
stream from the cryogen driven air mover
means, for heating cryogen in the cryogen flow
path to provide energy for operating the cryogen
driven air mover means.

The refrigeration system of claim 19 including
heating means (232) disposed in the cryogen
flow path upstream from the heat exchanger
means, and vent means (228,230) disposed in
the cryogen flow path downstream from the heat
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exchanger means and upstream from the cryo-
gen driven air mover means, said heating means
heating the cryogen in the cryogen flow path,
and said vent means exhausting heated cryogen
from the cryogen flow path, to provide a defrost
cycle for the heat exchanger means.
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